INTRODUCTION
A Bispectral index (BIS) monitor is a neurophysiological monitoring device which continually analyses a patient's electroencephalograms during general anaesthesia to assess the level of consciousness during anaesthesia. 1, 2 The essence of BIS is to take a complex signal (the EEG, Electro Encephalogram), analyze it, and process the result into a single number. Thus the BIS monitor provides a single dimensionless number, the BIS value, which ranges from 0 to 99. A BIS value of 0 equals EEG silence, near 100 is the expected value in a fully awake adult and between 40 and 60 indicates a level for general anaesthesia recommended by the manufacturer.
 Vigilance  Diagnostic decision-making  Therapeutic targeting Although individual drugs can induce some unique effects on the EEG, the overall pattern of changes is quite similar for many of these agents. As seen in (Figure 1) , during general anaesthesia, typical EEG changes include;  An increase in average amplitude (power)  A decrease in average frequency These changes become more evident as the EEG waveform frequency patterns move from beta to delta-the pattern consistent with deep anaesthesia.
The BIS Index is a numerical processed, clinicallyvalidated EEG parameter. Unlike traditional processed EEG parameters derived from power spectral analysis, the BIS Index is derived utilizing a composite of multiple advanced EEG signal processing techniques-including bispectral analysis, power spectral analysis, and time domain analysis. These components were combined to optimize the correlation between the EEG and the clinical effects of anaesthesia.
BIS monitoring is not a substitute for keen clinical judgment. However, using BIS information as part of their assessment, clinicians can make more informed decisions about the dosing and balance of anaesthetic agents and other adjuvant therapies such as analgesics, epidural anaesthesia and cardio active agents, especially in patients at increased risk. [4] [5] [6] [7] In a single case-report, an awake individual had a very low BIS value. This was presumed to be the result of EEG variant activityspecifically, a congenital, extremely small amplitude EEG. 8 Anaesthesia during cardiopulmonary bypass is unique and potential awareness remains a particular problem. The specific anaesthetic objectives for patients undergoing cardiac procedures are not dissimilar to those patients undergoing non cardiac procedures (i.e rendering the patients pain free amnestic, analgesic and unconscious) however the pharmacologic options available to achieve these goals are constrained by the following haemodynamic dictates of the patient's underlying condition , they include :
 Heart rate control  Coronary perfusion pressure requirements  Myocardial oxygen supply/demand determinants  Effect on left ventricular function The analgesic depth must be titrated to meet the varying requirements of surgical stimulation. Though skin incision and sternal spitting are painful, the strongest stimulation is usually from sternal retraction with a selfretaining retractor.
The result of anaesthetic drugs may be affected by various factors. The fact that cardiopulmonary bypass alters pharmacokinetics and pharmacodynamics of drugs and that virtually all physiological processes of drug absorption, distribution, metabolism, concentration of binding proteins, and modification of the organs contributing to the drug elimination are affected by abnormal conditions, including haemodilution, hypotension, hypothermia, and no pulsatile blood flow, may lead to administration of inappropriately high or low doses of hypnotics and anaesthetic. The oxygenator and tubing may bind large amounts of drug, used in cardiac anaesthesia.
Thus the attending anaesthesiologist tends to give a very intense analgesic and anaesthetic dose thereby compromising haemodynamic stability at times. All the potent anaesthetic drugs decrease arterial pressure in a dose related manner. The mechanism of pressure fall includes vasodilatation, myocardial depression, depressed cardiac output and decreased sympathetic tone.
George vertzakis et al used B.I. spectral index monitoring to assess its influence on decision making during cardiac anaesthesia. 9 Murthy et al used B.I.S monitoring to control administration of anaesthetic agents in order to stabilize haemodynamics and promote recovery from anaesthesia in patients undergoing CABG surgery.
The aim of our study is to find the relevance of using B.I.S monitoring in patients undergoing cardiopulmonary bypass and measure their hemodynamic stability due to better titration of anaesthetic drugs.
METHODS
A standard statistical power analysis was performed to determine the size of the randomized, prospective study that would be necessary to demonstrate that the B.I.S monitor decreases the intraoperative haemodynamic fluctuations. A study design with two groups with twenty patients in each group was formulated.
After approval of the Ethical Committee and obtaining informed consents, forty patients were included in this study, age ranging between 45 and 60 years, of both sexes, scheduled for elective coronary artery bypass grafting (CABG) surgery or valve replacement done with cardiopulmonary bypass (CPB) at Govt. Medical College, Calicut, Kerala, India were selected. This was a prospective, randomized, controlled study in which the subjects were randomly allocated into 2 groups of 20 each as per random number chart. They were B.I.S monitor group (group A) and B.I.S blinded to conducting anaesthesiologist group (group B). In group B the B.I.S monitor was blinded to the attending anaesthesiologist but the B.I.S readings were noted by the principal investigator.
As the B.I.S score when the patient is awake(before induction) is in a different range , the skin incision measurements of B.I.S score, mean arterial pressure and heart rate were taken as the base line value and haemodynamic disturbances above or below 10 % of the baseline were taken as significant fluctuations. Any change in B.I.S value was adjusted by titrating propofol and Isoflurane in group A. Appropriate treatment of mean arterial pressure and heart rate were instituted if changes persisted more than 5mins in both the groups.
RESULTS
A total of 40 patients with 20 in each groups were studied and analyzed statistically. The data collected were entered into a master chart and necessary statistical tables were constructed. The statistical constants like arithmetic mean, standard deviation, percentage etc. were computed to get valid inferences about the data for comparison. In order to see whether the difference in estimates in the study groups were statistically significant, student's unpaired't' test and chi square test were used. Diagrams and charts were also drawn to give due importance to the most salient findings. A p-value less than 0.05 were considered statistically significant. The mean age in group A was 60.8 (60-65) years and that of the group B 61.06 (60-65years). The p value was 0.846 which was not significant. The numbers of male members were 14 and 13 respectively in group A and group B. P value was 0.736 and was not significant.
The patients in both groups were comparable in age and sex as shown in (Table 1 and Figure 2 ). Though the baseline MAP (mean arterial pressure) was comparable in both groups the baseline heart rate varied with a p value <0.05 and found to be significant (Table 2) during skin incision and were compared between both groups (Table 3 and Figure 3 ). The heart rate fluctuation was taken as 10% difference from baseline heart rate (during skin incision) and was compared between the 2 groups (Table 4 and Figure 4 ). On applying chi square test p value was found to be 0.000 and was statistically significant.
Intraoperative blood pressures and heart rates were comparable in both groups as seen in (Table 5,6 ). Heart rate expressed as mean in beats per minutes.
The trends of both the groups in terms of heart rate and blood pressure is seen in (Figure 5,6 ). 
DISCUSSION
Cardiac anaesthesia demands titrated amounts of inhalational, intravenous or a combination of both those anaesthetic to maintain a very good depth of anaesthesia, particularly during cardiac pulmonary bypass. All the potent anaesthetic drugs decrease arterial pressure in a dose related manner. Without a monitor for depth of anaesthesia like BIS monitor, the cardiac anesthesiologists tend to use intense anaesthetic dosing particularly during CPB.
In this study we evaluated the efficacy of BIS monitor in helping the anesthesiologist to titrate the anaesthetic namely propofol and isoflurane.
A total of 40 patients (20 in age group) whose baseline parameters were comparable undergoing coronary artery bypass grafting or valve replacement were studied.
The general anaesthesia was induced in both groups in a similar manner. BIS monitor readings were noted in both groups along with mean arterial pressure and heart rate. For the purpose of this study intraoperative blood pressure and heart rate fluctuations were defined as mean arterial pressure above 10% or below 10% of the baseline value (eg. Skin incision).
In group A, the administration of propofol and isoflurane were controlled to achieve the target range of 40-60 BIS value.
In group B, the BIS values were blinded to the anesthesiologist and the administration of propofol and isoflurane were left to the anesthesiologist's discretion.
Patient in group A had stable hemodynamics in that the incidences of fluctuation of blood pressure were only 15% while it was 80% in the group B.
Similarly the fluctuations in heart rate were 10% in Group A and 75% in group B.
Thus the hemodynamics was more stable in group A. This finding was in agreement to similar studies conducted by various researchers.
Murthy et al used BIS monitoring to control administration of anaesthetic agents in order to stabilize hemodynamics and promote recovery from anaesthesia in patients undergoing CPB. 10 Lathi KG, Vale PR et al assessed BIS for intraoperative hemodynamic stability by allowing reduction in anaesthetic agents use, thus minimizing the adverse effects. 12 Wong J et al proved that BIS monitoring facilitated a 30% decrease in isoflurane use and 26% decrease in time to orientation. 13 In our study some of the patients experiencing hemodynamic fluctuations had a very good depth of anaesthesia as measured by very good BIS score of 40-60.
Careful clinical investigations have demonstrated that hemodynamic responses do not necessarily provide an accurate representation of the central nervous system responsiveness to anaesthetic agents and therefore were unreliable indicators of brain status. 14 Thus hemodynamic parameters such as blood pressure and heart rate lack acceptable correlation to the adequacy of the anaesthetic state.
CONCLUSION
By using bispectral index monitor we can maintain a better hemodynamic stability in patients during cardiac surgery under cardiopulmonary bypass. This finding was in agreement to similar studies conducted by various researchers.
